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OF  RNGIME  COMPAR!!!MBNT  GRILLES 
FOR  ARM(»ED  PERSONNEL  CARRIER,  >013  (U) 


HLeveath  Re^^ort  .on  OrdBance  Project  W-J»03 
Dates  of  Test:  5  June  to  10  October  19^9 


(C)  ABSTRACT 


^  Four  designs  of  grilles  for -tte  armored  personnel  carrier,  X113  vei'e 
submitted  <i»«Ai!»ei>aeea'Pcawi.ng  for  tests  to  determine  tbe  protection 

that  each  afforded  against  combat  attack.  Ube  foiu:  tjipes  cf  grilles  vei'e  an 
sll~6teel  grille,  an  all-aluminum  grille,  and  -t^^^tiomblmtlon  steel  and  . 
aluaiinum  grilles.  Fragment  simulators  ranging  in  size  from  the>eeliberJ.30s;3i 
45-gr€tln  projectile  to  the  20-mm,  830-graln  projectile  were  fired  at  ths 
grilles  at  striking  velocities  which  correspond  to  ths  velocities  coqpected 
from  corresponding  size  fragments  at  a  distance  of  ^0  from  an  erp].odlug 
10^-nm,  HE  projectile.  The  offensive  grenade,  Mark  Hf^and  the  fragzmmtation 
grenade,  >&6  were  statically  detonated  on  the  grilles.  A  protection  re.tiug 
was  calculated  for  each  grille.  '!lhe  all-steel  grille  was  the  only  one  that 
gave  satisfactory  results  for  all  test  conditions.  !Qie  combination  stSttl  cmd 
aliualnun  grilles  of  the  designs  tested  did  not  give  satisfactory  protection 
hut  it  is  recommended  that  other  designs  iising  this  combination  he  tested 
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CO^FIg^NTIAU 


1.  (0)  nrtfKJDucTiw 


In  tbe  present  concept  of  nuclear  warfare^  dispersion  of  tro<^  and 
cq^pnent  Is  essential.  Oto  engs^  In  tattle  vlth  an  enemy  which  possesses 
nuclear  capabilities,  hlg^-speed,  hlgh>m6blllty  vehicles  are  needed  to  trans¬ 
port  personnel  and  equipment  from  their  widely  dispersed  locations  to  concen¬ 
trated  points  of -attack  and  to  redlsperse  quickly  to  hold  the  newly  acquired 
terrain. 


iy>  meet  these  requirements  CONARC  requested  the  Ordnance  mnk-Autoaotlve 
Comnand  -to  design  a  lightweight  personnel  carrier  that  would  be  both  air- 
transportable  and  alr-dropable.  Ohe  vehicle  was  also  required  to  provide  pro¬ 
tection  against  fragments  froei  bursting  hl^-exploslve  shells  and  against  small 
arms  projectiles. 


OMs  vehicle,  designated  the  Carrier,  Personnel,  Pull-^Tracked,  Armored, 
MII3  was  tested  at  Aberdeen  Proving  Ground  to  deteiMne  the  protection  that  It 
afforded  against  ballistic  attack.  It  was  observed  In  this  -test,  and  reported 
In  Armor  2est  Report  No.  AD-I27I,  that  -the  engine  co^airtment  grilles  had  poor 
structural  strength,  as  evidenced  by  tha  extreme  deformation  and  breaking  of 
•the  louvers  under  high-explosive  shell  fragment  impacts.  From  -these  -test 
results  it  was  concluded  that  the  grille  should  be  redesigned  to  afford  greater 
protection  -to  the  engine.  To  fill  -^s  requirement,  four  different  grilles 
were  designed  and  fabricated.  Eight  grilles  of  each  design  were  sisbmltted  for 
ballistic  evaluation.  Thus  tha  objective  of  -the  test  reported  he^in  was  to 
determine  which  of  these  four  grille  designs  afforded  the  best  ballistic  pro- 
■bection  for  the  engine  compartment  of  the  J.1LL3  armored  personnel  carrier. 


2.  (0)  DBSCRimOif  COP  MATERIAL 


The  grilles  for  the  M113  armored  personnel  carrier  (Figure  l)  can  be 
used  interchangeably  in  either  -the  intake  or  exhaust  position  (Figure  2). 

Each  grille  covers  an  area  approximately  28  Inches  square  and  each  is  approxl- 
rately  4  inches  thick. 


The  aH-aluminu-a  grille,  CTA48459  (Figure  3),  consists  of  alumlnua 
louvers  that  are  welded  to  tha  fraios  of  the  grille.  This  grille  weighs 
approjcimately  176  pounds. 


li _  ..  ... _  _  , _  _ _  _ _ _ _ _ _ _ _ ..^,,...0 

Figure  3  -  5953139:  Side  View  of  All-Alualnum  Grille,  r)TA48459. 
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\ 

1119  .stral^t  ateel  and  alumitxua  grille,  VSjMhGo  (Figure  4),  eonalata 
of  front  steel  anaor  1>ar8  placed  perpendicular  to  the  plim  of  the  j^lUe  and 
hacked  up  by  tvo  rovs  of  alualnua  bars.  Hals  grille  velgba  approxlmstely  246 
pounds* 


Figure  4  «  59733.38:  Side  View  of  Straight  Steel  and  Aluzoinun  Grille, 
DXA4d460. 


The  all-steel  grille,  (Figure  5)>  la  constructed  vlth  steel 

amor  bars  placed  at  a  60-degree  angle  to  the  plane  of  the  grille  and  backed 
up  by  tvo  rovs  of  steel  bars.  This  grille  weighs  approxlantely  36O  pounds. 


Figure  5  -  5973139:  Side  View  of  All-Steel  Grille,  MIA48461. 


OSia  slant  steel  end  aluolnua  garllle,  1X!!A48462  (Figure  6),  Is  constructed 
the  sooe  as  the  ell-steel  grille  with  the  exception  that  the  back-up  bears  are 
node  of  aliminum.  (Chls  grille  weighs  approxlnately  SJk  pounds* 


Figure  6  -  5^138:  Side  View  of  Slant  Steel  and  Altnntnum  Grille, 
D1A484622. 


Ohe  construction  of  the  straight  steel  and  alumlnua  grille,  the  all- 
steel  grl}le,  and  the  slant  steel  and  alumlntna  grille  is  slallar  In  that  the 
armor  bars  of  the  grille  are  hold  in  place  In  the  grille  trasss  by  rods  that 
pass  throvsh  both  ends  of  the  armor  bars.  This  design  facilitates  rapid  fab¬ 
rication  and  easy  roplacensant  of  damaged  bars.  However,  the  replacement  of 
damaged  bars  ceuinot  bo  accoa^Usbed  If  the  grille  frame  structure  which  sup¬ 
ports  the  armor  bars  has  been  dsoe^ed. 
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3>  -  (C)  DETAILS  OP  TEST 


3.1  grocedure  and  Result* 


phase. 


Tbe  testing  program  vas  divided  into  a  small  arms  phase  and  a  grenade 


3.1.1  Snail  Arms  giring.  Olie  grilles  were  fired  on  fn  three  positions: 
normal  to  the  grille,  into  the  opening  between  the  bars  or  lottvers,  and  across 
the  beurs  or  louvers.  In  each  of  these  positions  fragment  simulators  were  fired 
at  striking  velocities  corresponding  to  the  velocities  e:^ected  from  the  saw 
size  fragments  encountered  at  a  distance  of  50  feet  from  an  eig^lodlng  lO^-nn, 

HE  projectile. 

The  following  are  the  striking  velocity  levels  at  vhidi  the  fragment 
simulators  were  fired: 


20-mm,  830-gr,  F8 
.712-ln.,  600-gr,  FS 
Cal  .50,  200-gr,  F3 
Cal  *30,  FS 


3000  tpB 
2975  IgB 
2750  tps 

3350  fpe 


The  d30>graln  fragment  simulators  were  also  fired  at  a  velocity  of 
2423  f^ps  normal  to  the  grille.  This  conf ones  with  the  military  specification 
require-  nt  for  the  roof  plate  which  surrounds  the  grilles. 

Caliber  .30  ball  ammunition  was  fired  on  the  grilles  which  were 
maintained  in  the  same  three  positions.  This  ammunition  consisted  of  service 
rounds  which  yielded  striking  velocities  of  approximately  28OO  1^. 

Vltness  plate  (Figure  7}  consisting  of  0.020-lnch  d\{ral  sheets  vas 
placed  about  six  inches  behind  the  grille.  The  size  of  the  jpenetrations  in 
this  sheet  vas  used  as  the  basis  of  evalxistlon  of  the  protection  afforded  by 
the  grille. 


Figure  7  -  59133655  Dural  Witness  Plate,  Showing  Rounds  252,  253,  256, 
257/  258,  and  259* 
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Figure  8  -  59T3157:  Slant  Steel  and  Altunlaum  Grille,  DTA.48462.  Bounds 
88  throng  91  and  Round  IO3  Wfere  20-inn,  830-Grain  Fragment  Simulators.  Bounds 
92  through  102  and  104  through  I09  Were  .712-Inch,  600-Crain  Fragment  Simula¬ 
tors.  Bounds  110  through  II8  vere  Caliber  .30,  45-Grain  Fragment  Simulators. 
Bounds  119  and  120  vere  Caliber  .30,  Ball. 


9 

CONFiDHHTiAL 


CONFIDENTIAL 


Figure  9  -  59T3159!  AU-Alumlnun  Grille,  D1A48459*  Roimds  63  through 
69  Were  .712-Znch,  600>Graln  Fragment  Simulators.  Rounds  66  and  67  Were  400> 
Grain  Fragment  Simulators.  Rounds  68  through  8l  Were  20>inm,  83(Mjraln  Frag« 
nent  Simulators. 
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The  all-steel  grille  afforded  good  protection  against  all  the 
projectiles  used  la  the  teats*  vlth  only  adnor  dauege  to  the  grille  (llffire  ID). 
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Figure  10  -  59T3364;  AU-Steel  Grille*  DTA48461.  Rounds  211  throu^  226 
Were  Caliber  .$0*  207  Grains  Fraesent  Slaulators.  Rounds  227  throu^  241  Were 
20-00*  830-Graln  Fragment  Simulators. 
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Observations.  !Rie  all-aluulmmi  scllle  afforded  less  protection 
Vhen  It  vas  positioned  so  that  the  line  of  fire  vas  directed  across  the  lo»'''ers 
than  It  did  In  either  the  norral  position  (O®  obliquity)  6r  the  lnto-the>  . 
opening-betveen-the-louvas  position.  The  strongest  part  of-  the  all-altsalnum 
^  louver  type  grille  is  the  center  area  of  louver  bara>  but  vhen  this  grille 
Is  attacked  In  the  "across"  condition^  the  projectile  passes  parallel  to  this 
center  area.  Thus,  for  the  saaller  projectiles,  up  to  the  600-grala  fraeneat 
slBMlator,  It  Is  possible  for  the  projectile  to  pass  completely  through  the' 
grille  and  not  strike  this  strong  area  of  the-sluminun  louver  bars.  She  aluad* 
nua.  grille  afforded  its  aarlsani  protection  vhen  the  firing  vas  directed  Into 
the- openings  between  louvers. 

The  direction  of  attack  vhlch  vtutaost  lethal  for  the  all-steel, 
grille,  the  slant  steel  and  aluminum  grille,  ^d  the  stral{dit  steel  and  al'tal* 
nua  grille*  vas  In  each  case  the  Into-the-opanlngs-betwaen-louvers  position. 


3,1.2  .Orenaue  Static  Detonation,  ^nades,  M26  fragruentatlon  and  Mark 
III  offensive,  Vere  statically  detonated  directly  on  top  of  the  grilles.  Ihe 
grenades  vere  placed  with  their  longitudinal  axis  either  across  or  parallel 
to  the  bars  of  the  grilles.  Dural  witness  plate  vas  placed  directly  hdov 
the  gx'lUe  for  the  first  fev  detonations.  In  these  detonations  the  blast 
decoliohcd  the  dttral  to  such  an  extent  that  detailed  demege  assessaent  vas 
Impossible^  therefore,  for  subsequent  detonations  l/2-lnch  plyvood  vas  placed 
about  ten  Inches  below  the  grille. 


3. 1.2.1  Results.  The  small  aluolnxni  bars  of  both  of  the  eonblnatlm 
stcsl-olioilnun  grilles  v-erc  sheared  off  by  the  blast  (Figures  11  end  12)  with 
sufficient,  energy  for  the  sheared 'portion  of' the  bars  to  penetrate  the  ply¬ 
vood. 

•Tbo  aU-alualnua  grille  (Figure  13)  was  damaged  to  the  extent 
that  the  lou/ers  at  the  point  of  detonation  vere  displaced  and  some  vidds 
were  fractured. 

The  oU-steel  grille  (Figure  l4)  withstood'  the  grenade  detmaations 
satisfactorily  with  daaage  only  to  the  spacer  bars. 
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Pl^e  n  -  59T3152:  Straight  Steel  and  Alianlnun  Grille,  raA48460. 
Grenade  Ho.  4,  i4ark  III  Offensive  "With"  the  Bars.  Grenade  Hb.  7,  M26 
mgmentetion  Grenade  "Across"  the  Bars.  Grenade  Ho.  9,  Mark  III  Offensive 
Across  the  Bars.  Hote  Sheared  Aluminum  Bears  on  Rear. 
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Figure  13  -  59T31535  AU-Alviminum  Grille,  DIA48459.  Grenade  Ho.  3, 

Mark  1X1  Offensive,  Placed  "With”  the  Bars.  Grenade  No.  6,  M26  Fragmentation 
Placed  "With"  the  Bars.  Grenade  No.  12,  M26  Fragmentation,  Placed  Across  the 
Bars. 
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k.  (c)  coNcix^ions 


It  is  concluded  that:' 

a.  The  all-steel  grille  is  the  best  of  the  four  types  of  grilles 
tested.  It  vlU  afford  good  protection  against  fragments  frai 
exploding  hlg^-exploslve  projectiles  and  has  sufficient  s-tructural 
strength  to  vlthstand  grenade  detonations. 

'b.  The  all-aluminum  grille  vlll  afford  good  protection  against  small 

fragments,  hut  vlll  not  provide  satisfactory  protection  against  larger 
fragments  (600-  to  830-graln}.  Grenade  detonations  viU  structurallj 
damage  this  grille. 

e.  The  stralgdit  steel  and  aluminum  grille  and  the  slant  st^el  and 

altaolnum  grille  vlll  afford  vei-y  poor  protection  against  HE  projec¬ 
tile  fragments  and  grenades.  .The  small  aluminum  hack-up  bars  do  not 
provide  adequate  strength. 


5.  (C)  RBCOMMENQATIONS 


It  is  recoomended  that: 

a.  The  all-steel  grille  he  considered  satisfactory* 

h.  The  concept  of  frontal  steel  armor  3.ouver  bars  backed  up  by  the 
lover-density,  fragment-absorbing  aluminum  louver  bars,  be  incvesti- 
gated  further.  A  possible  design  (Figure  I5)  vhicb  used  the  best 
features  of  the  all-steel  grille  and  the  all-edumlnum  grille  should 
provide  protection  superior  to  the  all-steel  grille,  vlth.  a  possible 
velght  reduction. 


C  •  I  Steel  iVvwS  ALtsnlnm 


i 

Figure  1$:  Sketch  of  Proposed  Grille  Design. 
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00/8C-11314 
(HDIiO-RB.l.S 

SUBJSCT*  Hast  Directive  for  Air-Trans portable  2£Ulti purpose  Vehicle 
Family,  Armored,  T113S1  and  T113U2#  (Ordnance  Project  Mo, 
T'/if*<l|03),  Deparhsent  of  the  Army  Project  No#  545"07“032  (U) 


DA,  ORD  0,  WiBhington  25,  0.  C.,  Sop  12  1958 

.  ^ 

TO*  CG,  Aberdeen  ITovlng  Ground,  Maryland  ATTM*  ORDBG-ji 


1,  -  Subject  test  direotive,  as  outlinod  in  tho  basic  letter,  is  for¬ 
warded  approved. 


2,  In  view  of  tho  "crash"  development  program  vdiibh  has  been  estab¬ 
lished  for  subject  vehicles,  it  is  imperative  that  every  expedient  be 
used  to  meet  tho  scheduled  dates  sat  forth  in  paragraph  2  of  tho  basic  letter. 


o 

V 


3,  Program  authorization  for  these  tests  is  included  in  the  FY.59 
Qesearoh  and  Dsvelopment  Program*  Department  of  Army  Briority  lA  applies. 


>g 


FOR  TH3  CHIEF  OP  ORDHAliCEi 


/tis/  M.  A.  KINLEY 

Colonel,  Ord  Corps 
Assistant 


Copy  Fui'nishedi 
CG,  OTAC 
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CONFIDENTIAL 


1  Cot  $8  tt 


HEADQUASTEIS  •  ■  ■  ‘:  -.-- 

ORDNANCE  TANK  AUTOMOTIVE  COMMAND  VSGbmln«ki/eb^5S51 
DETKOn*  ARSENAL 
26251  Van  Dyka  Av«m» 

Canter  Line,  Ulehi^Mi 


IN  RBPLT  500/otae  (27  Aug  58) 
REFER  TO 

ORDMe-RB.1.5 


AUO  27  1958 


SUBJECT!  Teat  Dlraetiee  for  Atr-Transportable  Itultlpurpoaa  Vehlele 
Fanily,  Arnored.  TII5EI  and  T113E2»  (Ordoanoa  Projaot  No* 

TH-UO^),  iiapartmant  of  tha  Amiy  Projaot  No.  51*5-07-052  (U) 

TOi  Chief  of  Ordnanoo 

Department  of  tha  An^y 
Waahlngtott  25»  D.  C. 

ATTEfTIONf  OROTW-CVS,  Er.  N.  T.  Duvall 

1.  Tha  pirposa  of  thla  Directive  la  to  eatahllah  the  prooadura  to  ba 
followed  in  testing  tha  subject  vahlelea-  Dua  to  tha  "Crash”  nature  of  this 
development  program,  it  la  In  tha  intei-eat  of  expodlanae  that  Ordnance 
engineering  tests  on  the  TII3EI  vehicle  and  the  T113B2  voblole  be  oonduetad 
oonourrently  at  two  teat  sites.  It  Is  therefore  roconnendad  that  the  CARRIER, 
PERSONISL,  PULL-TRACKED,  Armored,  T113E2  be  evaluated  at  the  Ordnance  Test 
Activity,  Tuna,  Aritona,  and  the  CAIVtIBR,  PERSCtlNEl^,  PUUUTnACKED,  Armored, 
TII332  he  evaluated  at  Aberdeen  Proving  Oround,  Maiylt.nd* 

2.  H  should  be  noted  that  the  following  time  aohadule  has  been  finely 
established  for  tha  program  in  order  that  early  produatlon  of  a  TII3  type 
Personnel  Carrier  aan  be  attaluadi 

a.  15  January  1959  •  CONARC  evaluation  of  TII3EI  and  T113E2  vahlolaa 
oomplotad  to  tha  extant  that  a  daolalon  oan  ba  rondarad  on  tha  aalaotion  of  • 
a  preferred  type,  TII3BI  or  T113B2  vehiola,  to  ba  produoed# 

b.  1  February  1959  *■  ^yp*  Claeelfloatlon  to  be  made  on  the  vehlele 

finally  selected •  t 

o,  1  April  1959  **  Istuanoe  of  a  Produotlon  Contraet. 

An  extremely  high  priority  muet  therefore  ba  eatabllahad  at  Yuma,  APO,  and 
Fort  Cburohlll  for  this  test  program,  so  at  to  oomplata  all  teat  phasaa  by 
1  Karob  1959* 

3*  Katarlalf  Tha  following  la  tentative  aohadule  for  tha  dalivary 
of  pilots  and  balllstlo  hulls  to  tha  Yuma  Test  Station  and  Aberdeen  Proving 
Oround  during  Plaoal  Year  1959* 
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CONFIDENTIAL 

ORIIIC-RB.1.5  -*“6  2B  1958 

SUBJECTf  Test  DlreotiTS  for  Air-Transportable  Multipurpose  Vehiols 
Family,  Armored,  T113B1  T113E2,  (Ordnance  Projoot  Ho« 

Tyf-ljCXi),  Departnent  of  the  Army  jrojeot  No.  5U5“07~032  (o) 

a.  CARRIER,  PBRSOMHEl,  FULL-TRACKED»  ^ored  TlijBll 


Pilot  No.  1 


DESTINATION 

Tbma  Test  Station 
Tbma,  Arizona 


APIROXIUATB 
ARRIVAL  DATS 


27  m  1958 


0.  CARRIER  PERSONNEL,  POLL-TRACKBDi  Armored  TllJ^l 


Pilot  No.  2 


o.  BALLISTIC  HULLS  I 


T113E1  and 
T113i2 

i|«  Scope  of  Tests  t 


DESTINATION 


Aberdeen  Proving 
Ground,  Maryland 


DESTINATION 

Aberdeen  Proving 
Ground,  Maryland 


APPROXIUATB 
ARRIVAL  DATE 


1  sept  1958 


APPROXDtATB 
ARRIVAL  DATB 

1  Oot.1958 


a.  The  tests  required  include  the  complete  evaluation  and  deteraina' 
tion  of  vohloular  porformanoe  oharaotoristios,  as  established  for  "Uie  sid>Jeot 
type  vohioles  by  CICM  36c49  dated  5  January  1956  with  the  exception  that 
rrhore  therein  is  stated  the  requirement  that  the  vehicle  "••••shall  not  exceed 
16,000  pounds  combat  loaded  less  personnel",  the  requirement  for  the  T113N1 
vchiolo  nhp.ll  be  that  its  air-drop  vrelght  does  not  exceed  17»500  pounds,  and 
tho  requlrenont  for  tho  T3.13s8  vehicle  shall  be  that  its  combat  loaded  weight 
docs  r.ot  o-xoaod  21^,000  poimds.  Air-drop  weight  of  the  vehicle,  defined  as 

it  applies  to  the  Tll3Ei  vehicle,  is  Its  combat  loaded  weight  loss  the  fol¬ 
lowing  items  I  Personnel,  Track  Pads,  80^  Fuel,  Ajranunition,  and  Ifinterization 
Klt« 

b.  All  tests  are  to  bo  aonduotod  in  accordance  wi'Qi  Items  Ustod 
in  the  Ordnance  Proof  Manual,  Vol,  11,  Antomotivo  testing  under  OBI  60-05, 
dated  1  October  1957*  Tests  not  covered  by  tho  OATP  will  bo  prescribed  bjr 
speoial  instructions  in  this  directive  or  in  supplements  thersto^ 
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CONFIDENTIAL 


OKraC-RB.1.5  Aus  27  1958 

SUBJECTS  Test  Utreotiva  for  Alr-TransportaBle  Uultlpuxpose  Tehiole 
Faini]y«  Armored,  I113E1  Tll3£2,  {Ordnance  Project  Bo* 

Tihlfi3)$  Department  of  the  Army  irojeot  Mo,  545^~032  (O) 

3*  photography  -  In  addition  to  the  normal  reqidremont  for  still 
photographs  deleting  general  vie^YS  of  the  Tehiole,  and  those  'whldi  olariiy 
and  supplement  oomponent  deflolenoy  reports,  it  is  requested  that  dooumentaxy 
motion  pictures  also  he  submitted  iriLth  the  final  test  report  corerii^  each 
major  phase  of  the  test  progresu 

6*  Tests  to  be  performed  on  the  T113S1  pilot,  destined  for  evaluation 
at  "Turn,  Test  Aotirity  vdth  the  relative  order  of  priority,  are  as  f  olloimt 

a*  OBC  60«£3|  Uechanloal  inspection 

4b*  om  60-30t  Preliminary  Operation 

0*  OHI  60-95 1  Cooling  •  During  this  phase  of  the  test,  the  'fll^Bl 
vahiole  shall  be  loaded  to  a  gross  ifrai^t  of  2^,000  pounds, 

4d«  OFU  60-83s  Mobility  ••  During  this  phase  of  the  tests,  the  I113B1 
T^iole  shall  be  evaluated  during  desert  type  operation  •  sand  dunes*,*eto,, 
at  hot},  a  gross  Tohlole  vralght  of  21,000  lbs,  and  24,000  lbs* 

a*  OPU  60**300i  Environsantal  Factors*  Speoial  smphaois  should 
be  placed  on  the  adequacy  of  the  vehiole  ventilating  system  irhila  operating 
with  a  ooaplerta  oreir  oomplement* 

f*  OFSt  ^••170 1  CVaolcs  and  Suspension* 

g*  OFU  60<^t  Load  Distribution  and  Orouad  Fressvra* 

<t*  OBI  60*’72t  Dravhar  Bill* 

41*  OPU  60>7Ui  Aiooleratlon,  Maximum  KlriMni  i^eds* 

♦J.  OHI  60-h0$  Vehiols  J\ml  Oonstmptioa  Tests* 

4k*  OBI  ^-dOt  Oradeabillty  and  Side  Slope  Perfonwnoa* 

1*  OBI  60>71f  Braidiis* 

a*  OBI  &}-50$  Standard  Obstacles* 

4a.  OBI  £0‘»75s  Staarlng* 

40*  OBI  60-90t  Fording  (Bote  Amphibiota  Characteristlos}* 

p*  OBI  (C-65%  Detemlnaticn  of  Couter  of  Oravlty  end  IKmants  of 
Inertia  about  a  Longltudlml  and  Traverse  Axis* 
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^  CONFIDENTIAL 

ORDMC-HB.l.S  Aug  27  1958  , • 

SUBJECT!  Test  DLreotiTS  for  Air'^rimsportable  Uulti purpose  V^loU  .-i 
Family*  Armored*  T113E1  and  Tll3&>  (Ordneoioo  Projoot  lb*  .  ' 

TTf.4p3)»  Dopartmont  of  tha  Jjstf  Brojaot  Ho*  5U5~07"032  (o) 

<1*  OIU  6O-230t  ^eoudaxy  jgmaeafc* 

r*  OFU  60-15 1  Charaoteristles* 

8*  OFM  60>20t  mfloionqy  Baporto* 

HOTS  I  Those  OIU  features  denoted  by  an  asterisk  (a)  are  to  be  perfomed  oon- 
currontly  with  the  1'113  Personnel  Carrier  presently  at  the  YUma  Test  Station*  ‘ 
however  equipped  -with  the  new  15'*inoli  traok  as  utilized  on  the  !n.l3El  vehicle* 
and  a  new  Ordnance  Power  Package*  A0SI-31U  Bogina  and  1CTG-9P  Transmission* 

7*  All  tests  at  YUm  shall  be  eosaletad  in  sufficient  time  to  pemit  ■ 
preparation  and  shipment  of  the  TlljBl  vehicle  to  Port  Churohill*  for  cold 
weather  environnontal  tests,  during  iha  3958-39  winter  test  pwgram*  All 
Yhma  tests  jnxist  be  completed  by  31  Oeceeaber  1938*  ^r  shipsant  of  tha 
T113e1  vehi(d.o  is  contemplated  fkem  the  Yhma  Test  Station  to  Fort  Churchill*- 
Tests  at  Fort  Chiirchlll  are  to  begin  no  later  'than  15  January  1^  * 

8*  lha  following  tosts  applicable  to  Arotio  conditions  and  such  oth)  rs 
as  may  bo  datsmiced  by  iho  teat  engineer  or  the  Ordnance  Tank-Autamotiva 
Command  by  supplements  to  this  Diroctiva*  are  to  be  conduotod  on  the  vahlcla 
at  Port  Churchill* 

a*  OPU  60-300 1  Etxrironaenbsl  Factors* 

b*  OBI  60-301 1  Fiold  Cold  Starting  and  Vhxm-Upa 

o*  OB'  60-302$  Field  Test  of  Personnel  Beating  SfMUm* 

d*  OPB  60-85$  Mobility  -  Ctsermtions  ora  to  be  mada  during  opera¬ 
tion  on  tha  frozon  lake  and  frozen  mueJeeg  test  courses*  dwiug  trials  on 
\mtravoll9d  drift  snoif  of  varying  deptta*  on  level  grox-ad^  and  prepared  tea  ■ 
and  tvreaty  por  cent  slopes*  Bia  T11521  vehicle  shall  no  eval\»tod  during  this 
phase  at  both  a  gross  vohiolo  ’weight  of  21*C00  pounds  i\nd  22|*000  pounds*  - 

e*  OBI  60-72$  Drawbar  B>11«  The  capcvoiiy  of  ita  vehlola'  to  tow 
sleds*  ranigono,  $aad  other  appropriate  trailed  loads  npdar  various  mobility 
conditions*  is  to  be  datezminqd  at  tha  two  gross  vahlola  weights  speoiflad 
above.  . 

9*  Tests  to  be  parfomed  at  Aberdeen  Proving  dround  on  tha  (SsBRlSB* 
PSRSOIRS^  PULL-TRACKED  I  iwMrad  I1153»  ara  os  follcw8$ 

«•  OPB  60-25$  Heohax]do$d  XB!peetion*’ 

b*  OBI  60-30$  Preliminary  Operation* 


HEQHADrUG  3S2A  CAIffiOT  B3  PSEDBTSBliaSD 
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CONFIDENTIAL 


CROR-O.!.; 

SnBJSCIt  XMt  OlroctiTs  for  Alr*^raB8port*bl»  Multlpurposo  Tohiolo  ' ' 
-  Ikmily*  toured,  T113BL  &nd  T113S2»  (Ordneoioo  Piojoot  S6«  . 
T)lf*‘i|03)«  Dapartaont  of 'tho  Any  Rrojoot  So,  5il5-07“032  (U)’ 


«.  0IV60^5t  Lability 


d,  OFtt  6o~170t  Traoks  and  Susponslor  •  initial  tests  on  the  Tehiole 
are  to  be  oonduoted  trith  2l;-inoh  diaiaater  roadidieels«  10-tooth  sprooksts,  17* 
inoh  diaanter  fixod  track  rati*'*n  idj  iTb,  and  solid  traok  blooks,  Ibsts  on 
the  Tehlolo  aro  also  to  be  so'  lu.'d  u*- jw;  22-inoh  diasioter  roadvdieels,  9**teoth 
aprodkets^  15*inoh  dieneter  .sd  re'..:j‘r  f.dlers,  and  skeletonised  blooks,  A 
ocoparatiTS  evaluation  repor,  between  tlie  two  systes^  is  to  be  submitted. 


e,  om  60^t  Load  Distribution  and  Ground  IVessure, 


i»  GPU  60-72 1  Drawbar  Full. 


g,  OFU  60-7Us  Acceloratiou,  IftLTtnriim-Miniauni  Speeds, 

h,  0B(  6o4j0j  Yehlols  Fuel  Oonsuaption  Testa, 

i,  OIU  60-80t  (hradaablllty  and  Side  Slope  Fsi-foroanoe,' 
4,  0at60-7li  Bx-aking, 


k,  OTU  60-30*  Standard  Obstaoles, 


1,  OBI  60^117$  diurohvllle  Final  Drive  Tests, 


»,  OBI  60-75*  steering, 
n,  011160-90*  ibrdlng. 


0,  OrU  60-65*  lutdiuiination  of  Center  of  Gravity  and  Ucments  of 
Ihortla  about  Longitudinal  and  transverse  axis. 


p,  OBI  60-230*  Sscondary  jyrmaaent, 

9,  OPU  60-70*  Torque  Heasurements  for  Tracklayers, 

r,  OBI  60-110*  stowage, 

s,  OBI  60-173*  &dio  Znterferonoe .Tests, 

t,  OBI  60-305*  Human  Engineering, 


u,  OBI  60-115;  Enduranoe  Testing  of  Coabat  Tehioles  (U,000  miles  * 
See  OTOI  3^^), 


EEGRADING  DATA  CAHHOT  BE  PSSDETEailiiED 
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CRDUO-RB.l.S  A«  27  1958 

SUBiTSCIt  Xsst  Dlreotlro  for  Alr-TrAMportabld  Uultlpurposo  Tehldo 
,  Fttiily,  ATiBorod*.  I113B1  arid  T113B2,  (Ordnanoo  So* 

ct4;P3),  Dspartmont  of  the  Janay  Erojoot  Ho*  ^5^“032 

T*  OIU  60-15 1  Charaoterletica* 
w*  OfU  60-S0t  Doflolonoy  Seporta*  ■ 

10*  Testa  on  the  BA.LLISIIC  HULLS  are  to  he  perfonaad  at  Aberdeen 
.ProTing  Ground  goner  ally  in  accordance  with  OPU  22-11,  "Amor  Plate  Testing*, 
and  OTH  23-26,  "Tests  of  Tulnerahility",  however,  spooificaally  under  the 
following  guidance t 

a,  OBJSCTIVBt  Vlrlnerability  tost  of  the  hull  of  the  CARRIER, 
PBRSOJJNBL,  FOLL-TRACKSD,  Air  Borne,  TllJSl  and  Tll^* 

h,  DaSCRIPTIOHi  TWO  (2)  hulls,  or.a  TlljEa  and  one  T113e2>  will  !»• 
supplied*  In  addition,  nino  (9)  grilles,  three  (3)  of  three  (3)  different 
designs,  will  he  suhaitted  for  ovalua-cion*  The  hulls  will  he  fabricated  from 
weldable  aluninuu  amor  and  the  grilles  from  steel  and/or  aluninvm  amor, 

0.  PROCEOURBi  In  order  to  ascertain  the  level  of  proteotion 
afforded  the  two  (2)  hulls  (with  different  thicknesses),  the  foUowlng  tests 
shall  be  conduotedt 

(1)  Ihaae  I  -  Fragsontation  Tests  t  The  sides  and  roof  of  the 
hulls  are  to  be  Impaoted  hy  fragments  froa  I03  mm  HB  shell  at  90  end  30  feet, 

(2)  .Phase  11  -  Blast  Bvaluatlon  of  Ambient  Tomporatvret  The 
weldnont  joints  are  to  be  ballistioally  shock  tootod  \ioing  tho  37  m*  shell, 

HB,  1!54«  4O  mm  HS-TKT  shell  eind/or  57  mm  proof  projectile  UlOOl,  Bie  seleo- 
tion  of  the  type  of  round  for  testing  each  weld  joint  t'#  be  determined  by 
APa  personnel, 

(3)  Phase  111  -  Resietoine  to  Penetration  of  the  Bull  Amor  vfith 
Stall  Arms  t  The  ballistlo  limits  shall  be  detorminnd  in  eiooerdanoe  with  the 
condition  enu-tcratod  in  the  table  belowi 


T113BI 

(inches)  Approx, 


Area 

R’ojeotilo 

Obllqu'ty 

— 

Thickness 

B-L 

Front-ljpper  Glcoli 

•,i^x'una' 

nC-J/J?""*' 

Inv,e 

Froat-Lov;or  Glaols 

.30  Cal  AP 

30« 

1-1/^ 

2355 

Front-Upper  Glaols 

,50  Cal  AP 

.  45* 

l-l/^ 

2590 

FronteLowor  Qlaois 

,50  Cal  AP 

30® 

1-^ 

^/k 

1675 

Side-Upper 

.30  Cal  AP 

0® 

2540 

Slder-IiOwor 

jSlde-Lowor 

,30  Cal  AP 
,30  Cal  Ball 

0® 

0® 

1510 

2200 

Rsar 

,30  Cal  Ball 

0® 

1-iA 

2805 

Rear 

.30  Cal  AP 

0® 

i-iA 

2055 

Roof 

20HI  AP 

60® 

1-1^ 

2200 

Hoof 

2020$  AP 

65® 

l-l/Z 

2600 

TII532 

(irohes)  Approx, 
Thickness  B-L 

- ISnir 

2600 
2390 
1900 
2540 
2055  • 

2885 


l-l>fe 

1-1^ 

1-1/2 

1-^ 

1-1/2 

1-1/2 


2540 

2200 

2600 


♦  JJo^>»ab  verification  that  round  will  not  poaitrate  the  armor, 

6  — '  •  ‘ 
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01U)M5-RB.l.y  .  .  Aug  27  1958  V 

SUBJECT  t  T«>t  OlreotlTs  for  Alr>Tranaport*bla  UultipurpoM  \bhlolo 
.  ibmily,  Amorad>  fll^l  and  Tll3£2»  (Ordmnoo  Peoioot  No, 

DT-iP^)*  Dapartffloub  of  th*  JfP^  Brojaot  NO.  5^07*^38  (U) 

Qt)  Suiaa  17  *•;  Orlllaa  t  Xt  la  daalrad  that  .a  balllstlo  ot&I" 
uatioa  of  tba  differant  -typo*  of  grlllaa  ba  oonduotad.  Xt  la  auggaatad 
that  tha  grlllea  ba  taatad  unlar  tha  following  oondltlonai 


Frojaotila 


•30  Cal  Trapiant  Simulator 

•30  Cal  Fragnont  Simulator 

•50  Cal  Fragnant  simulator 

•50  Cal  Fraf^nt  Simulator 

20NU  Fragmant  Simulator 

20!!U  Fragmant  Simulator 

.30  Cal  Ball 

•30  Oal  Ball 

•^0  Cal  Ball 

•50  Cal  Ball 

•50  Cal  AP 

.50  Cal  AP 

20m  AP 

2Qina  AP 

Fragoontetioa  Gronad* 
(tffoiuiTa  arenado 


Dirootlon  of  Firiz 


Aoroas  Segaonta  of  Grill* 
Into  Sogmanta  of  Grill* 
Aoroaa  Ssgmenta  of  Grillo 
Into  Ssgnents  of  Grill* 
Into  Sogments  of  Grill* 
Aoroaa  Sagmanta  of  Grill* 
Into  Sagmanta  of  Grill* 
Aoroaa  ^gsonta  of  Grill*  ' 
Into  Sagmanta  of  Grill* 
Aoroaa  Sagmanta  of  Grill* 
mto  Sagmanta  of  Grill* 
Into  Sagmanta  of  Grill* 
Into  Sagmanta  of  Grill* 
Aoroaa  Sagmanta  of  Grill* 


0 

0 

0 

0 

30  *2|5 
30  Al«5 
0 
0 

1;5  A  £0 
45  A  to 
60  A  75 
to  A  75 
to  A  75 
to  A  75 


(5)  Ihaa*  7  -  Splaah  Taatlngt  Bullet  aplaah  from  *30  Calibor 
ball  and  AP  rounda  and  granadaa,  ahall  b*  direotad  toimrda  varioua  opaninga 
of  th*  Tehiolaa,  auoh  aa  door«,,«to*4  to  datenain*  aplaaU  auBooptibility  or 
kaying  of  morabl*  parta* 

d«  BBFORTSt  A  final  report  will  b*  required.  Distribution  will  b* 
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3  3»l»»i  l-Wxl-l/V.  3/8’^A*» 

1|5 

3079 

80*  noroos 

?p(p) 

• 
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jiNBma  c 

nrocedxire  tw  AaalyziBg  Data 

..  '  -  t  •  ■  .  .  "  j,.-  , 

^  .  ■ 

la  order  to  de:[|ive  protection  ratings  tor  each  tjpe  of  grille  under 
each  attack  and  to  provide  a  true  picture  of  the.  protection  afforded  hy  the 
grilles,  the  foUoving  cleoents  of  data  tsust  he  taken  into  consideration: 


.a.  Tercentage  of  projectiles  fired  that  vere  defeated  hy  the  i^pillle. 

h.  .Average  amount  of  damage  sustained  hy  the  dural  uitness.  sheets  fkats 
those  projectilct:  vhlch  vers  not  eoupletely  defeated  hy  the  grille. 


This  comhination  uas  effected  hy  taking  note  of  nhe  fact  that  a 
projectile  that  only  caused  a  few  small  holes  in  the  sheet  of  dural  .ms, 
suhstantiaLly  defeated  hy  the  grille.  With  this  in  mind,  the  percentages 
vere  laodifled  to  reflect  the  damage  that  undefeated  rounds  vere  able  to. 
produce  as  designated  hy' letters  a>  h,  c,  and  d.  The  letter  "a”  indleaW 
very  minor  damage  and  the  letters  h,  c,  and  d  Indicate  progres^vely  greater 
damage.  The  folloirinn^'is  the  method  that  vns  employed: 


Letter 

Designation 

a 

-a-b 

4 

h 


,  Average  Site 
’  Hole  in.Dural 

'  • 

•  Staaller  than  3/o  ind:. 

•  •  I  . 

3/8  inch  to  3A  * 
3/k  inch  to  1  lneb> 


h-c 

e 

d 


1  inch  to  1-1/2  jLncb. 

1-1/2  inch  td'2'inehes. 
’  * 

Over  2  ixwhes. 


Letter 
Designating 
Avg  Dasjagfl- 
to  Dural 

/mount  hy  Which, 
Percentage  le  Increased 

a 

1  • 

1/2  (100^  minus  ^  rds 
defca-ced) 

a-h 

3/8  (iCO^  Wnus  rds 
defeated)  ’ 

h  • 

l/Jt.  (100^  alxrus  ^  rds 
defeated) 

h-c 

3/16  (l0C-;>  minus  rds 
defeat^) 

_  TypicaJ.  Erample 

fiOjt  a  «  60  /  1/2  (100  •-  6o)  .  80 
60^  a-h  »  60  /  3/8  (100  y6f>)M  75 
605I  h  ■  6o  /  1/b  (100 &)  N  70 
60^  h-c  «  60  /  3/16  (100  ■-  60)  »  68 


! 


1 


_ i 


I  T«jrr.Ji3S*  -Ta.*.  /-  ^ 

S' 


K: 


If. 


CONFIDENTIAL 


Letteir 

Deslgoatiag 
Avg  Dotage 
to  Dural 


Afflouat  liy  Which 
Petreeatage  la  iBcreaaed 


Typical  Ijcample 


c 

d 


l/B  (100^  nlpoa  ](  xd< 
defeated) 

Wooe 


6yiL  c  z  60  /  1J6  (100  -  60)  m  6$ 
60](  d  •  60 


Slace  the  protectioa  ratings  are.  all  based  oa  the  saae  criteria,  it  is 
possible  to  eoeg^are  the  protection  afforded  by  a  certain  grille  against  attack 
by  any  of  the  projectiles  used  In  the  tests.  In  addition  to  coopering  one 
grille  against  another.  In  the  test  covered  by  this  report  a  Uadted  nuni^ 
of  rounds  vere  fired;  therefore,  only  differences  of  five  or  nore  are  cohsld^ 
ered  significant. 
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(^llla 

Round! 

flrod 

■  Rounds 
Dofeatod 

Rounds . 
Doifoated 

ATorago  Siso 
Rolo  la  Dural 

Rating 

All  Staal 

0» 

10 

8 

80 

.23(a) 

90 

into 

lU 

2 

lU 

.27(a) 

57 

aorois 

2 

2 

100 

100 

All  AlUDdnun 
o« 

8 

7 

88 

.38(a4) 

92 

Into 

9 

9 

100 

• 

100 

atoroet 

16 

9 

56 

J«3(a-b) 

73 

Slant  Stool  A  Aluttlma 
o«  5 

1 

•20 

•51  (a^>) 

50  . 

into 

3 

0 

0 

.3li(a) 

50 

aoroaa 

2 

2 

100 

0 

100 

Stral^t  Stool  A  Alumltna 

0*  7  3 

1*3 

J+5(a-b) 

(h 

aorooo 

2 

1 

50 

1.25(b-o} 

59 

0,712  In. 

&agnont  Slwilator. 

600  Grain 

All  ilunlxnna 

• 

• 

0« 

3  0 

0 

.62(a^]>) 

30 

into 

2  2 

100 

«o 

100 

aoross 

3  0 

0 

•56(a>4>) 

3» 

Slant  Stool  A  Alualnun 

0* 

Into 

6  1 
6  1 

17 

17 

.37(a^») 
J(0(a-4>)  . 

1<8 

I48 

aoross 

100 

Areras* 

Rating 

« 

82 

88 

67 

62' 

59 

65 
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APPEi'IDDC  B 

'•  Grenade  Detonation  Result* 

'  .  '  *  /  *  *  •  * 

REStniTS  GF  (»EKIU)e  DetOIMTXOSS  ■ 

Grraad*  Hftoenant 


Humber 

Grille 

Grenade 

oiT  Oronade 

Heault* 

1 

All  illumluum 

1(26 

Aoroae  bara 

Dural  demoUahad  by  blaat* 
aluminum  louver*  aefarated. 

2 

All  Alwilnun 

Baric  III 

.  Aoroae  bara 

Dural  dmaDllahad  by  blaat* 
Aluminum  louvera  aejparated 

3 

All  Almlnum 

Ibrk  ZII 

idth  bara 

Dural  demollabed  tyblaat» 
aluminum  louvera  aaparatad 

k 

Straight  Steel 
and  Aluminum 

Bark  III 

with  bara 

Dural  donollflhed  by  blast, 
aluminum  bar*  *hea^  oU- 

5 

All  Steel 

Bark  111 

with  bar* 

Dural  demolished  by  blast, 
apaoer  bars  rupttc*ed 

6 

All  Aluminum 

B26 

with  bar* 

Dural  denoUshed  by  blast, 
louver*  soparatod 

7 

Straight  ste^l 
and  Aluminum 

126^ 

with  bar* 

Dural  danollshod  tiy  blast 

8 

All  Steel 

Bark  HZ 

aoroa*  bar* 

Dural  donollihed  by  blas^ 
ruptured  spaosr  bars 

9 

Straight  Steel 
end  Aluminum 

Bark  IZI 

aoroe*  bar* 

Durol  (Icmoliahed  by  blast, 

2  aluminum  bora  ahoared  lit 
and  other  aluminum  bara  bXemi 
back,  •  apaoor  bars  rnptoteA 

10 

Slant  Steel  and 
Alusilnum 

,  Bark  III 

aero**  bara 

Five  flliralnum  bars  eo^^letsXy 
sheoi'od  otC  and  penatratei 

1/2  I'aoh  plywood  that  was 
.ten  Inslio*  below  grillo. 

u 

Slant  Steel  and 
Aluminum 

All 

ie6 

acre**  bar* 

Two  middle  alumlnm  bars 
ooji\plet9ly  shoarod  off.  Oat» 
side  alimiinus  bars  blom  baok 
(not  ruptured) 

32 

jLlua 

126 

aero**  bar* 

Louver*  aepeurated.  X»  frag- 
aent  damage  to  plywood 

JC6  aoroe*  bar*  SpaoeT  biura  eeparabed* 

fr«6iM»A  dwaga  bo  p^raooA* 


All  Steel  ■ 


COPT  HO. 


3 


7 


8 


9 


10 


iu?psia>ix  r 

Dlstrllmtlon 

HAtB  ASP  ADDHE33 


Chief  of  Ordnance 
Depertment  of  the  Aroqr 
Washington  25,  D.  C* 

Am;  (»DTW,  Mr.  ».  T.  Duvall 


Coanaading  General  _ 

Ord  Tank-Autoaotlve  Coaaand 
Center  Line,  Michigan  . 
Am;  0RDMC-HKP.3 
ORDMC-HBM.l 
OIOMX-AA  ■ 


Conmanding  General  ' 

Ord  Tank-Automotive  Cosaiend 
15(3.  Beard  Street 
Detroit  9,  Michigan 
Am;  OR0MC-FM 


Ctomanding  Officer 
Watertown  Arsenal 
Watertown  ^2,  Massachusetts 
■  Am:  Materials  Engineering  Lah 


Comsianding  Officer 
Dierond  Ordnance  Fuze  Labs 
Warhlsgton  25,  D.  C. 

Am:  Tech  Bef  Br,  ORIOT.  012 


Ccsanaoiing  General  - 
Phreskford  Arseisal 
Philadelphia  37,  Pa. 

Am:  Metallurgical  Lab  (1320) 


Carsdian  Arnjr  Staff 

2^50  l-hssachusetts  Are,  H.  W. 

Washington  8,  D.  C. 

Am:  GSO-1,  ASiR  Sec 
•rmii  OCO-ORDQD-SB 
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